Background: Pes planus deformity of the feet is primarily an asymptomatic condition that alters the lower limb biomechanics. It is associated with changes in knee alignment among older adults and subjects with osteoarthritis. No data are available on the correlation between pes planus and knee alignment among young adults.
Article Information ered arch in the weight bearing condition [2] . Rigid pes planus is a fixed lowering of the arch, which is also known as structural pes planus [2] . Flexible pes planus is very common in infants and young children due to the laxity of their ligaments and the lack of neuromuscular control. However, the arch normally develops around five to six years of age [2] . Flexible pes planus may also be found in individuals with: dysfunction of the posterior tibial tendon; fractures to the hindfoot area; plantar fascial injury; spring ligament injury; degenerative or inflammatory Pes planus foot deformity is a lowering of the medial longitudinal arch of the foot causing flattening of the foot arch and is most commonly known as flat foot [1] . Lowering of the arch is primarily asymptomatic, however it changes the lower limb biomechanics and alters the muscle activity therefore leading to pain and injury [2, 3] . The main two categories of pes planus are flexible and rigid. A flexible pes planus demonstrates a normal arch in the non-weight bearing condition of the foot and demonstrates a low-arthropathies; obesity; tight Achilles tendon; tight calf muscles; and congenital ligamentous laxity. [2] [3] [4] Most cases of pes planus are flexible [2] . Changes in foot posture leads to changes in body biomechanics [5] [6] [7] . Studies have shown that the presence of pes planus foot deformity is associated with medial compartment knee osteoarthritis [5] [6] [7] . A significant difference was observed in the incidence of pes planus in healthy subjects and subjects with osteoarthritis with 22% and 42% respectively [5] . Furthermore, 38.3% of females studied had both knee medial and lateral compartment osteoarthritis in the presence of pes planus [7] . Knee osteoarthritis has rapidly increased in the United States [8, 9] . In 2007-2008, 14 million individuals had symptomatic knee osteoarthritis [8] . Some important systematic risk factors for knee osteoarthritis are direct damage to the joint and not allowing the joint to heal properly [9] . While biomechanical factors are considered to be local risk factors for the development of knee osteoarthritis by altering the forces applied to the joint, other risk factors exist such as obesity, the presence of metabolic disease, age, sex, bone density, and muscle function [9] . Knee joint malalignment was considered to be an independent risk factor for the progression of radiographic knee osteoarthritis in a systematic review done in 2009 [10] . Pes planus is not always symptomatic because the foot adapts to the biomechanical changes placed upon it, and over time changes occur in the structure of the ligaments [1] . The tibiofemoral angle is defined as the angle formed between the line of anatomical axis of the femur and anatomical axis of the tibia in the frontal plane [11] [12] [13] [14] [15] . The tibiofemoral angle normally develops with age. Infants have varus knees until the ages of 1 to 1.5 years, and then they progress to valgus around the ages of 2 to 3 years. The angle decreases to varus by 6 to 7 years of age and continues in slight varus throughout adulthood [12, 16, 17] . In the literature, measurement in adults of the tibiofemoral angle by using the anatomical axis as a reference resulted in mean values of valgus alignment, while studies that measured the tibiofemoral angle as a reference by using the mechanical axis resulted in mean values of varus alignment. This discrepancy maybe due to the fact that the anatomical axis of the femur has a 5° to 7° normal valgus angulation relative to the mechanical axis [12, 15] . Therefore, measuring tibiofemoral angle in reference to the anatomical axis would be considered normal if it is between 5° and 7° of valgus alignment (approximately 6° valgus) [15, 18, 19] . Valgus deformity would be >7° and varus deformity would be <5°. Early intervention for management of pes planus by prescribing the proper orthotics can serve to potentially correct the distribution of forces on the foot and therefore decrease the incidence of knee osteoarthritis [1] . To date, some studies have shown the correlation between pes planus and knee angle in pediatric populations and in populations with knee osteoarthritis [5, 7, 20] . However, no correlation studies have been found that studied healthy young adults. Thus, the purpose of this present study was to determine if a correlation exists between the presence of pes planus and tibiofemoral angle measurement in normal, healthy young adults.
SUBJECTS AND METHODS

Subjects:
A sample of convenience of 30 (10 males and 20 females) young adults was recruited from New York University Physical Therapy Department [(mean ± SD) age = 26.60 ±3.00 years weight = 66.97 ±11.09 kg, height = 1.64 ±0.07 m, and BMI = 24.70 ±2.64] (see Table1). Participants ages ranged between 21 and 33 years. All participants had functional range of motion and strength and normal sensation in their lower extremities. All participants were healthy and free of cardiopulmonary or neuromuscular conditions. Prior to participation, all participants signed the consent form. New York University's Committee on Activities Involving Human Subjects approved the study. Protocol: All participants signed a consent form and then completed a questionnaire about their background. Age, sex, height, and weight were recorded. Lower extremity functional muscle strength and joint range of motion were assessed by performing a full squat. Superficial sensation of the lower extremity was assessed by using a cotton swap. Pes planus was determined by using Feiss' line test, which is clinically used to "estimate the amount of pronation via transcutaneous measurement of the inferior displacement of the tarsal navicular" [21] . Participants removed their shoes and socks and sat on the table in a long sitting position with the foot to be tested off the table.
The medial malleolus of the tibia, navicular tubercle, and head of the first metatarsal phalangeal joint were marked. Using a ruler, a line was drawn connecting the medial malleolus of the tibia and the head of first metatarsal phalangeal joint, and then the location of the navicular tubercle was noted in the non-weight bearing position to determine if the subject has a structural pes planus. The participant then stood in a full weight bearing position with the feet 8-15 cm apart. The navicular tubercle was marked again, and its inferior displacement was measured relative to Feiss' line with a ruler. [21] If the navicular tubercle falls 1/3 of the distance to the floor, it is considered 1 st degree flat foot; if the navicular tubercle falls 2/3 of the distance to the floor, it is considered 2 nd degree flat foot; and if the navicular tubercle falls and rests on the floor, it is considered 3 rd degree flat foot ( The tibiofemoral angle was measured by using the SCODIAC program which uses photographs of the lower limb by placing the subjects in a standardized weight bearing position and then measuring the tibiofemoral angle on a computer program [23, 24] . This method is similar to measuring the tibiofemoral angle with a goniometer [12, 13, 25, 26] . However, the SCODIAC program is more accurate because there is no sway or movement of the goniometer while reading the angle [24] . The goniometer clinical placement in measuring the tibiofemoral angle is: the fulcrum is placed over the knee center "midpoint between the medial and lateral joint line in the frontal plane" [12, 13, 25, 26] . The movable arm is placed over the knee center to a midpoint between the medial and lateral malleoli [12, 13, 25, 26] . The stationary arm is placed over the knee center to the anterior superior iliac spine [25] . Choosing the anterior superior iliac spine instead of the greater trochanter has been determined to be more accurate due to the increased thickness of the soft tissue over the greater trochanter as opposed to the minor soft tissue over the anterior superior iliac spine. Thus, the anterior superior iliac spine can be easily located, and the axis going from the anterior superior iliac spine to the knee center will simulate the axis of the femur [24] . Subjects were instructed to remain barefooted and stand on a fixed marked place with both knees in extension and touching each other [25] .
A camera was placed in front of them, the anterior superior iliac spine was marked, and a photograph was taken from the waist to the feet. On the computer program, the placement of the axis simulated the placement of the fulcrum, stationary arm, and movable arm of the goniometer ( Figure 4 ) [24] . The knee was determined to be in valgus alignment if its angle was >7°,and in varus alignment if its angle was < 5° [27] . Data Processing: Pes planus was classified into four categories: normal, 1 st degree flat foot, 2 nd degree flat foot, and 3 rd degree flat foot. The knee alignment was obtained by measuring the tibiofemoral angle on the SCODIAC program. The angle was determined to be in valgus alignment if it was >7°, in varus alignment if it was < 5°, and normal if it was between 5° and 7° [27] . Data Analysis: Demographic data were analyzed by descriptive statistical analyses. A Chi-square test of independence using the SPSS software (version 25) was used to determine the correlation between pes planus and tibiofemoral angle. An adjusted p-value at 0.05 was used to indicate any significant differences. with valgus knee alignment and 2 nd degree flat foot. Only one subject had 3 rd degree flat foot with varus knee alignment. When comparing right foot with right tibiofemoral angle, 26 knees were in varus alignment; 9 were normal, 14 had 1 st degree flat foot, 2 had 2 nd degree flat foot, and 1 had 3 rd degree flat foot. However, only one knee was in valgus alignment with 2 nd degree flat foot. Three participants had normal knees: one of which had normal foot alignment; one had 1 st degree flat foot; and one had 2 nd degree flat foot. In addition, when comparing left foot with left tibiofemoral angle, 24 knees where in varus alignment; 5 had normal feet, 12 had 1 st degree flat foot, 6 had 2 nd degree flat foot, and 1 had 3 rd degree flat foot. Only one knee had valgus alignment with 2 nd degree flat foot. Five participants had normal knees and 2 of which had normal feet and 3 had 1 st degree flat foot. The right and left pes planus foot and knee angle cross tabs are shown in Tables 2 and 3 . In addition, the right and left structural pes planus and knee angle cross tabs are shown in Tables  4 and 5. A Chi-square test of independence found no statistically significant correlation between pes planus and tibiofibular angle. In addition, no statistically significant correlation was found between structural pes planus and tibiofibular angle. Table 1 describes the characteristics of the participants. No differences were noted between genders in terms of the characteristics of the participants. Twenty subjects had right flat foot, 23 subjects had left flat foot, and 7 subjects had bilateral structural flat feet. All subjects had either normal knee alignment or varus knee alignment except for one subject who presented DISCUSSION may indicate that this age group is too young to present a measurable correlation, hence the following generation should be screened to investigate if pes planus had an effect on tibiofemoral angle. A study suggested that either pes planus causes genu varum malalignment of the knee, or pes planus occurred as a consequence of the degenerative changes of the medial compartment of the knee that forces the foot to pronate during weight bearing. [5] Prospective studies are needed to further draw a conclusion on any relationship between pes planus and tibiofemoral angle [5] .
RESULTS
A 2014 study compared a foot posture index and medial compartment knee osteoarthritis among 180 Moroccan subjects. The authors found statistically significant differences between the healthy group and the group with osteoarthritis in which the latter had more pronated and flat feet. The medial compartment group with osteoarthritis had a flat footed percentage of 42% while the normal group had 22% with a p-value of 0.03 [5] . However, in this same study, no statistically significant differences were found in the navicular height between groups which is similar to our finding of no relationship between flat foot and knee angle measurement when using Feiss' line test since it measures the navicular drop relative to the line. Another study used the Staheli Arch Index to measure the foot morphology and compared it to knee cartilage damage obtained through MRI imaging among 1,903 older subjects. Their findings showed that pes planus feet had 29% ipsilateral medial tibiofemoral cartilage damage on MRI, while there was no association with lateral tibiofemoral cartilage damage [6] . The relationship between pes planus and medial tibiofemoral cartilage damage was a significant finding, however the study did not measure the tibiofemoral angle, therefore the correlation between pes planus and tibiofemoral angle was not determined. Most of our participants presented with 1 st degree flat foot. In fact, side by side comparison showed that there were equal numbers of feet with 1 st degree flat foot on both sides. However, left feet showed more 2 nd degree flat foot than right feet with a 7:4 ratio. This increased lowering of the medial longitudinal arch causes
The purpose of the study was to determine if a correlation existed between the presence of pes planus and tibiofemoral angle measurement in normal, healthy young adults. According to the results of this study, no statistically significant correlation was found between pes planus and tibiofemoral angle measurements among healthy 21 to 33 year old adults. This finding an alteration in the force distribution among the lower limbs thus changing their biomechanics [1] . Of note was the one subject who had bilateral structural pes planus with 2 nd degree flat footedness and who had genu valgum of the knees. This observation may indicate a possible link between pes planus and valgus knee alignment [28] . Even though no significant correlation was found between pes planus and tibiofemoral angle measurements among our sample, most of the participants who had pes planus did have a genu varum knee alignment, indicative of medial convergence of the knee joint which is in fact consistent with other literature that found a significant correlation between flat foot and medial compartment knee osteoarthritis among older adults [6] . The current study found that 52 knees out of 60 knees presented with abnormal alignment (50 varus, 2 valgus, and 8 normal). This change in the knee alignment has been found to affect the force distribution around the knee joint [10] . Moreover, a slight increase in knee genu varum alignment (4-6%) has been reported to increase the loading in the medial compartment of the knee by 20% which leads to degenerative changes [10] .
Limitations:
The limitations in this study should be noted for future studies. A sample of connivance of 30 subjects was used in this study thus a more random sample and larger number of subjects are recommended in order to detect a correlation. In addition, a more objective pes planus foot measurement may be used in future studies.
CONCLUSION
There are no known studies that investigated the correlation between pes planus and tibiofemoral angle measurement among healthy young adults. Previous studies have shown a correlation between pes planus and tibiofemoral angle measurement among older adults and individuals with osteoarthritis [5] [6] [7] . Healthy young adults had no significant correlation between pes planus and tibiofemoral angle. However, even though there was no significant correlation, the findings of this study agreed with the previous studies in the fact that most of the pes planus feet had genu varum knee alignment [5] [6] [7] . Potentially it must be considered that the change in the biomechanical alignment of the feet as a result of pes planus and the early noted incidence of genu varum in these young knees may result in increasing incidence of osteoarthritis at the knee joint over time. Perhaps preventive strategies could be implemented at an early age.
